1. Introduction {#sec1}
===============

Communications is a process whereby concepts are exchanged among individuals through a system of generic signs and words. Project communications management defines necessary processes for ensuring proper and timely production, collection, dissemination and distribution of project information ([@bib106]). Communication plays a role throughout the life cycle of a project and has a great contribution to its success ([@bib35]). The greater the number of people in the project team and its stakeholders, the more important the project communications management will be. Project managers use a variety of tools to establish communication and coordination among project team members; this diversity and multiplicity of tools affects proper and timely dissemination of project information. Research has shown that because of the mistakes made in communication by the employees and the stakeholders, large amounts of money are imposed on organizations that will reduce the efficiency of project team members.

Project management is highly important within organizations that guide their business with a project-based approach. So far, many studies have been conducted on project success in which communications management is basically on top of the list. Though communication planning in project teams is one of the basic tasks of project managers, there are few studies on the accurate measurement of the communication process and its elements ([@bib33]; [@bib87]).

Despite of great knowledge and experience about project communications management, it has not been adequately addressed in its various dimensions. Applying the comments and views of the active experts in this field can be effective in forming and operating the project communications. As [@bib33] recommend that future research should identify the components of communication and its impact on communication process. Therefore, it is essential to provide a comprehensive model for identifying and clustering effective and influenced factors. In this study, our goal is to identify the factors affecting project communications with the help of library studies and interviewing experts in order to better plan the communications by considering the sequences and relationships between the identified elements and their more appropriate understanding, according to a Fuzzy Decision-making trial and evaluation laboratory technique (FDEMATEL)- Interpretative Structural Modeling (ISM) approach. Both ISM and fuzzy DEMATEL are appropriate for analyzing sophisticated problems with hierarchical and communicative structure. ISM divides the factors into different clusters, and fuzzy DEMATEL examines cause-effect relationship. ISM is used for analyzing the sophisticated systems and has a holistic approach, while DEMATEL is applied in determining direct and indirect relationships and has a part-based approach.

The scope of the research is Iranian power plant, oil and gas industries. The statistical population consists of project managers who work in this industry and are familiar with the subject. They were selected through non-random purposeful method, with a requirement of experience and expertise for more than 10 years. A total of 28 project managers working in this area were selected as the sample.

A paired comparison questionnaire was used for data collection. The respondents\' views were collected through verbal expressions. After the questionnaire was completed by the experts, for calculation purpose, linguistic variables (verbal expressions) were converted to triangular fuzzy numbers. Validity of the questionnaire with content analysis approach and face validity was confirmed. Also, its reliability was examined through calculating the inconsistency rate and since the inconsistency rate measured to be 0.0392 which is less than 5%, the response matrix has a good inconsistency. The rest of the paper is organized as follows. In the second part of the paper, the research background on communications management and the factors affecting it are investigated. Third part (Materials and Methods) explains reliability, the composition of fuzzy DEMATEL and ISM, and MICMAC analysis. In the fourth part, Results & Discussion, and in the fifth part, conclusion and future recommendations are presented.

2. Literature review {#sec2}
====================

2.1. Project success {#sec2.1}
--------------------

In a report in 2000, PA Consultation Group announced that 70% of organizations continue to fail in delivering their projects ([@bib29]). These figures were very unfortunate, so many researchers conducted many studies on the causes of success and failure of the projects. For example ([@bib55]), stated that experience of project managers in managing changes as well as their ability to communicate is very crucial in the success of any project.

[@bib30] separated the success of the project from the success in the project management, stating that the project success is related to the goals and benefits that a project creates for its organization, while the success in the project management is associated with direct action of project manager in controlling the range, critical times (deadlines) and costs of each project. And this case was also examined by [@bib25]; [@bib86].

Previous studies show that communication is an important factor for the success of projects ([@bib6]). In their study, [@bib125] acknowledged that effective communication is an important aspect of project-based management that is considered as an essential prerequisite for successful project management. With this in mind, effective communication to control the time and cost of a project is very important. Team factors, technical factors, organizational factors, and environmental factors are four variables that can be described as indicators of improving the performance of projects through effective communication channels between project stakeholders. Important factors for project success are communication, team factors, technical factors, organizational factors, and environmental factors ([@bib77]).

2.2. Project communications {#sec2.2}
---------------------------

Project Communications Management includes activities that facilitate the creation, distribution, receipt, validation and understanding of information ([@bib106]). [@bib95] has recognized as one of the main fields of knowledge of the scientific management of the project. Communications management is a path to individual and organizational learning, as well as to building trust and shared work values ([@bib107]). Communications management is one of the most significant and complicated elements of project management, which is affected by a variety of factors including: cultural differences, trust, communication support tools, IT infrastructure, geographic distance, time interval, stakeholders, monitoring, measurement and analysis, planning, continuous improvement, models and policies, and curriculum ([@bib87]). An effective communications management plan creates a culture of collaboration in a converging project team ([@bib70]). Effective communications management creates a common culture that promotes coherence in a project team and also promotes participation in decision-making ([@bib6]).

Team knowledge and its coherence are strengthened through effective communication ([@bib69]). Poor communication between the members of the project team is one of the main reasons behind the increase in project costs ([@bib19]; [@bib74]). Weak communication is one of the most common risks of the project ([@bib20]).

In their study, [@bib69] stated that communication plays a vital role in improving the effectiveness of a project. The authors also emphasized on effective internal and external communication.

2.3. Factors affecting project communications {#sec2.3}
---------------------------------------------

### 2.3.1. Leadership {#sec2.3.1}

[@bib17] says: "good communication and strong leadership move hand in hand." Studies on leadership styles indicate that leader\'s personality, maturity of the followers and environmental requirements determine leadership style. An efficient leader will be able to implement one or a combination of leadership styles that fit the environment. Each style may be effective at its own time and place. The style of communicating will vary from one leader to another and from one project to another; however, the issue of communicating remains the inherent part of leadership. Choosing the most effective leadership style for different situations requires the ability to correctly assess the situation and apply the appropriate style to communicate effectively ([@bib130]). "Leadership styles that promote upward and downward communication, have been shown to foster a plethora of positive outcomes within the workplace, group collaborations, and team contexts" ([@bib59]).

In teams with a participative leadership structure, team members may need to communicate with each other ([@bib11]). More repeated leader communication leads to raise leader-team relationship development, greater levels of information swapping ([@bib49]).

Type of leadership style by the project manager creates a successful and effective communication ([@bib130]). [@bib111] confirm that leadership and communications are "extremely important" indicators for the successful completion of the project. [@bib132] says, "The better the project manager communicates, the project will proceed better and easier." This confirms the importance of communication. Leaders guide teams through communication. Good communication skills create the understanding and trust needed to encourage others to follow the leader.

The difference between leadership as a skill to communicate and communicating as a leadership skill is defined as follows:-Leadership as a skill to communicate: [@bib112] refers to leadership as doing things and tasks by others (project team). Leadership involves delegating, coordinating and communicating at all levels ([@bib116]). Therefore, leadership is a skill to communicate.-Communicating as a leadership skill: A leader must be sure that he will implement strategy resources and the decisions, and s(he) should necessarily have strong communication skills. This skill is an integral part of leadership skills.

[@bib24] said that "leaders who do not communicate well are not really guides and leaders."

### 2.3.2. Trust {#sec2.3.2}

The first challenge for a project manager is to build trust among team members. The second challenge is to maintain the established trust so that it will not be lost. The behavior of team members directly affects the level of trust in interpersonal relationships ([@bib31]) and since the project manager cannot communicate with all team members face-to-face, trust will be a major factor ([@bib28]). [@bib45] state that trust is a very important part of team building, just like team performance. In the absence of trust, team members are not interested in talking about what they have in mind, putting forward their ideas, being volunteer to express their opinions, or even asking questions. Team members hide their true feelings and are not interested in helping each other. Most studies have emphasized the need for "trust" among members to enhance communication. One of these reasons is different cultural background among team members that leads to effective communication ([@bib32]). Social relationships heavily influence the effectiveness of communication. Trust creates a strong relationship, and knowledge and communication have a great influence on social capital of the team ([@bib39]). [@bib14] say that when you think about the human aspect of project management, trust is recognized as the most important indicator of the success of the project. Without trust, it\'s almost impossible to create coherent processes in the project environment. [@bib103] states that, "the ability to build trust in project team and other stakeholders is a very important part in the effective leadership of the team." Trust is accompanied with collaboration, information sharing, and effective resolution of issues. Without trust, it is difficult to establish a positive and necessary relationship between the various stakeholders involved in the project. Trust is a psychological concept or expression that has a subjective (non-objective) nature. The capability to build and maintain it is an interpersonal skill that can be promoted over time by communicating with others. [@bib133] say "trust plays a significant role as a moderator to leader communication with teams in affecting team performance". Through trust, communication teams can share more information and cover the potential knowledge gaps within project teams where communication is weak ([@bib96]). To promote trust and build strong relationships, methods like these are suggested: 1. daily and monthly standup meetings, 2. continuous communication (especially tools that can be a good alternative to face-to-face contacts, such as conference calls), and 3. social networks (especially tools that include conference techniques) ([@bib32]). Trust has huge potential impacts on project management performance. These include: a better relationship, reduced sales time, reduced outsourcing risks and thus reduced project costs as well as effective However, as the researchers have argued, what makes trust worth discovering is actually communication itself. Because communication failures are not all but the biggest contributors to project failure. The set of actions that build stakeholder confidence must occur at the beginning of the project because they have shown to be effective in the project ([@bib113]) The three types of trust (intuition, integrity and competence) associated with stakeholder management are effective and significant. Therefore, it is important that the project manager considers actions such as empathy in communications from project initiation ([@bib38]).

### 2.3.3. Stakeholders {#sec2.3.3}

People in organizations need information and instructions. Establishing communication is considered the "highway" of projects, since it establishes a link between the management, customers, project team members, and other stakeholders. This "highway" focuses on who needs what information in what format and when ([@bib92]). Managing project stakeholders is an important part of project management. Aligning the goals, interests, and expectations of stakeholders is directly attributed to the success of the project ([@bib1]) Creating and maintaining relationships between project team members and different stakeholders through effective communication is one of the requirements of successful project management ([@bib54]). The objective of project stakeholder management is to enhance the understanding of the project management team from various stakeholders and their ability in engaging stakeholders in order to maintain their support and aligning their goals with the goals of the project ([@bib124]). Effective communication creates a bridge between various stakeholders involved in the project, so it plays an essential role in project stakeholder management ([@bib121]). Because the role of communication in a project is decisive, the various communication needs in the life cycle of the project must be known and proper planning must be done for them ([@bib71]).

Thus, the success of the project depends heavily on communication and collaboration between stakeholders, such that project managers spend most of their time communicating effectively with team members and other project stakeholders ([@bib115]). Project managers must understand and work with different stakeholders. Therefore, it must be clearly specified how they can use communication to meet the needs and expectations of project stakeholders. Further, project managers should work out a way for identifying problem solving ([@bib42]). IPMA (6th edition) points out that each project has stakeholders that are affected by the project, or they can positively or negatively affect the project. Some stakeholders have little ability to influence project performance or results, and others have a special effect on the project and its expected results. Academic research is important in terms of a structured approach to identifying, prioritizing and engaging the stakeholders. The ability of project manager and project team in correctly identifying and engaging the stakeholders indicates the difference between project success and failure. Winning stakeholders\' satisfaction should be recognized as one of the goals of the project. The key to stakeholders\' active involvement is focusing on continuous communication with them. In IPMA (4th edition), it is suggested that communication planning be used as a method of designing a strategy for treating stakeholders. According to this edition (4th edition), cases such as why, what, when, how often, how (through communication channels) and who should communicate as well as a level of communication details are explained.

[@bib51] finds that attitudes and beliefs should be understood as an answer to the communication. And stakeholders\' perception of their role is effective in establishing communication. He also explains that formal communication mechanisms should be understood according to the organization\'s communication system, attitudes and beliefs, and a proper communication channel must be established.

The greater the number of stakeholder is, the more complex the communication will be, since with increasing number of stakeholders, the paths and channels of communication are further enhanced and, consequently, the complexity of communication is increased. The number of potential communication channels for N stakeholders equals N (N-1)/2, hence in projects with a large number of stakeholders, it is necessary to determine who produces and transmits information and who receives it ([@bib27]). The greater the number of people through whom the message passes, the more likely it is to distort the message. Anyone who receives a message interprets it from his/her own point of view; and after the message is received by the last person, its content is completely distorted. The use of multiple layers reduces performance in all aspects, including quality, time, cost, and communication performance and coordination ([@bib114]).

### 2.3.4. Geographical dispersion {#sec2.3.4}

Globalization and the free market philosophy are the forces that shape the current economy. Reduced cost of access to the Internet and communications, information technology and access to the virtual world networks encourages organizations to focus on decentralization and network structure ([@bib63]). Organizations are in a position to use talented individuals from anywhere in the world at lower costs. Employing virtual teams for business management is an important option, as it enables organizations to overcome obstacles such as language and geography ([@bib66]). In multinational projects, people from different countries with different cultures, tasks and specialized knowledge levels work together to solve strategic issues ([@bib2]). A major challenge in project management has always been to gain coordination between activities, stakeholders and team members that may be in different cities, provinces, and countries. In project communications management processes, it is attempted to collect, store, retrieve and eventually summarize the information and knowledge generated in the project in a timely and appropriate manner and be used by different types of stakeholders. It should be noted that communication in the project is the exchange of specific project information with an emphasis on building a common understanding between sender and receiver. Based on the above reason, one should immediately consider an effective communication for the projects, since it is important for all stakeholders to strengthen their project communications management structure. More than 60 years ago, Chester Barnard stated that communication is the first stage of any implementation, and communication with employees is an important and critical skill, given their concerns, problems, ideas and suggestions about the organization. [@bib50] state that various researches suggest that geographic dispersion may hamper information sharing, coordination, problem solving, trust building, and constructive conflict resolution with others in the team. Despite of continuous advancement in communication technology, employees\' geographical dispersion remains a challenge to impressive workplace interactions and, particularly, to teamwork ([@bib46]).

[@bib34] say" In contrast to collocated teams, in highly geographically dispersed teams, transformational leadership\'s influence on team communication progressively decreases as the teams become more and more dispersed".

### 2.3.5. Culture {#sec2.3.5}

Currently, relationships are influenced by political, economic, and differences as well as different social contexts that shape people\'s perception of culture in international management ([@bib16]). Cultural factors represent the fundamental aspect of international business management ([@bib108]). One of the main challenges for project managers is managing projects effectively in international contexts, environments in which people from different cultures and with different perspectives need to work together to achieve the project\'s success ([@bib83]; [@bib118]). IPMA (4th edition) summarizes the importance of culture and language for a modern project manager, and explains that "in a multicultural project, a person may need to guide multiple value and cultural norms in communication." Researchers have argued that project managers should be aware of the background and culture of all international stakeholders in the project, especially customers, suppliers and partners ([@bib131]). Organizational culture is based on beliefs and determines the behavior of project team members ([@bib105]). Weak communication in the project can be another result of the company\'s culture and may cause misunderstandings and lack of information ([@bib8]). [@bib127] introduces intercultural communication as an interaction between individuals with a distinct cultural background and a distinct communication pattern. Cultural patterns alternatively affect perceptions, cognition, and actions ([@bib84]). Culture often manifests itself in individuals\' communication behaviors. Several studies show that communication behaviors vary widely between different cultures ([@bib18]; [@bib60]; [@bib119]). Differences between societies and languages affect the understanding of communication faces. Socio-cultural differences can be due to the social status of individuals, religion, state policy, financial conditions, etc. The socio-cultural difference between members with geographic dispersion can cause various communication problems and barriers ([@bib76]). [@bib53] emphasizes that a management technique or philosophy that is appropriate for a national culture is not necessarily appropriate for another.

Cultural differences often cause misunderstandings in communication. The main issue is that messages are created or encoded in a cultural context and then they are received or decoded in another cultural context ([@bib103]). Avoiding misunderstanding and misinterpretation requires understanding not only what is said, but also how it is expressed, for example, the communication method used to create ideas, exchange views, share knowledge and express ideas ([@bib41]). Cultural dimensions also affect beliefs and behaviors such as trust, fear, non-involvement, non-commitment, and lack of sharing of relevant information ([@bib72]).

### 2.3.6. Skills {#sec2.3.6}

Organizations spend a lot of money on improving the communication skills of their employees. As an example, about 1--3 billion dollars is spent annually on promoting staff writing skills by organizations ([@bib44]). Executive managers believe that 14% of individuals\' working hours are wasting due to weakness in communications (about seven work weeks a year). That\'s why communication skills are considered when hiring employees and help individuals to get, perform, maintain and promote a job ([@bib82]). To successfully manage projects, project manager must have different skills such as interpersonal skills, technical competencies, and cognitive talent and of course, along with the ability to understand the position of the people and dynamically coordinate the appropriate leadership behaviors ([@bib90]). In his study, [@bib47] acknowledges that skills of project manager and project team in communication are one of the factors that will affect the success of communication and consequently the success of the project. He conducted a study on 186 different projects and showed that communication skills of the project manager have a positive impact on the productivity and satisfaction of the project team and increases it. In his research, he investigated the skill of the project manager in encoding and decoding messages on the productivity and satisfaction of the project team and found a positive correlation between them.

[@bib27] reports that extensive training and learning should be implemented to make sure that to make sure the proposed communication systems are consistent with the experience and expertise of the people involved in the project. ([@bib91]) show that conventional, written, and verbal skills are almost equally important. [@bib120] emphasizes that internal communication requires the development of skills and knowledge of experts.

In his study, [@bib48] found that the competence of project managers in transferring information significantly contributes to the satisfaction and efficiency of team members. Communication is a competence and project managers can grow it to succeed; however, most project managers forget soft skills like communication, or teach it apart from other project management skills (budgeting, domain definition, or WBS creation) ([@bib15]). Accordingly, the authors called for the development of training programs for managers to obtain the required competencies regarding message development, negotiation and dispute resolution ([@bib4]; [@bib15]).

### 2.3.7. Communication tools {#sec2.3.7}

Items including communication features, communication tools, project manager\'s point of view about communication habits and how to communicate with others, and identifying the project\'s existence philosophy for stakeholders can be considered as a group of factors influencing project communications management ([@bib10]).

In addition to the temporal nature of project activities, the creation of a unique product or service is also a feature of it. This uniqueness of product or service requires a communication system that is capable of being rapidly implemented and easily used by teams of related organizations in order to share information with the least amount of training and management. The use of communication channels primarily refers to factors such as availability, skill, or ability to use or personal biases, and one can define communication channels as many as stakeholders or customers, which is very tedious ([@bib100]). Increased geographical dispersion causes challenges for the project team and stakeholders, and project managers need to exploit a wide range of tools and methods ([@bib39]). In addition to providing a communications program that is among the main pillars of implementing, monitoring and controlling communications with stakeholders, the choice of selected tools can also be considered as of high importance ([@bib64]). One of the things that help to increase the effectiveness of communication is the communication tool that needs to be appropriately selected and used. The choice of appropriate communication tools depends on different factors such as audience characteristics, information transfer speed, information confidentiality, accuracy of information transfer, reliability, transmission cost, availability of communication tools, degree of formality, importance and urgency, stakeholder expectations, and duration and environment of the project ([@bib97]).

Of main barriers to communication are the type of successful communication between the receiver/sender, the message content, the nature of the message, and the message transfer tool. In order to improve the quality of communication, it is recommended that the skill of project team members in communication be enhanced, the communication program be developed and communication tools be selected according to the type of project ([@bib76]). In an analysis of web-based document management and communication tools used by project managers, [@bib104] showed that the way communication tools and management systems are served as motivating factors supports decision-making in teams. The authors also conducted studies on some tools for managing virtual teams, which helped to solve problems such as knowledge management, coordination, collaboration, socio-cultural distance, and lack of trust in the work team.

### 2.3.8. Communication variety {#sec2.3.8}

Communication skills are one of the most important skills required for project success. High quality communication occurs when project team members have enough time to communicate with each other and to exchange information formally or informally ([@bib54]). The main difference between formal and informal communications is that, unlike informal communication, formal communication occurs in a controlled environment ([@bib57]). Formal communication has predefined structures and specified instructions and is made with predetermined persons ([@bib61]), while informal communication takes place with unspecified plans and with random individuals ([@bib57]). Informal communication does not happen at a specific date, time or place. Informal communication is formed on the basis of social relations and its purpose is rather personal, while formal communication is in the direction of the company\'s goals. Previous studies have shown that formal communication is positively correlated with productivity ([@bib68]). However, it has been proven that informal communication helps the project\'s productivity in the form of groups for work coordination, updating and solving minor problems ([@bib57]). Informal communication can help increase information sharing; it can also bring about familiarity, relationships, dependencies and trust among team members ([@bib96]). Expectations regarding formal and informal communication practices should be considered in communication planning ([@bib92]). The result of a research showed that the combination of formal and informal communications with the goal of increasing communication, cooperation and trust among managers and other project agents improved the level of understanding in project managers, contractors and customers by 73.8, 52.9 and 81.3%, respectively ([@bib12]). A significant part of the time spent by staff at the workplace is associated with communication: face-to-face communications, phone calls, emails, reports, and more. Therefore, project communications management plays a key role in organizations ([@bib92]).

However, too many meetings are also a risk. In projects where the number of meetings is high, people work less and do not have the proper spirit to work. Lack of communication or inappropriate communication for projects that use virtual teams is riskier than those with full-time employees ([@bib99]). Communication channels are an important factor that must be controlled by the project manager. The more the number of communication channels is, the more complex the communication issues will be. A project manager should move towards formal and written communication methods ([@bib28]).

### 2.3.9. Knowledge {#sec2.3.9}

Communication is the transfer of information and knowledge between two or more destinations. Data consists of numbers and realities. Information about a situation or scenario and knowledge is created when information is combined with the experience gained in practical situation. Knowledge is based on personal experience of individuals and information about interpreted facts is observations and judgments. Therefore, knowledge is created from information that in turn results from data. Knowledge is responsible for the deployment of information in tangible assets ([@bib5]). The competencies of the project manager can include knowledge, talents, attitudes and behaviors that are required to carry out parts of the work ([@bib13]).

Research has shown that due to the wrong perceptions being made in the communications by employees and stakeholders, huge amounts of money are imposed on organizations and it will also lead to reduced efficiency of the project team members. Eliminating the gap in the shared understanding between the buyer and suppliers depends on increasing knowledge ([@bib7]). Shortage of knowledge regarding the safety and capabilities of communication media (social media) is a source of fear of using the media ([@bib73]).

### 2.3.10. Organizational structure and participation {#sec2.3.10}

The constructive aspect of communication emerges through talks and decisions of members of the organization, planning, activities and effects of the integrity of the organization\'s reality ([@bib36]). Several factors affect communication planning, including organizational culture and organizational structure ([@bib92]). Organizational structure has the greatest impact on project communication requirements ([@bib28]). A key tool for identifying communication needs is the organizational chart that shows the hierarchy of who should report to whom ([@bib92]). [@bib79] also considered the organizational structure and participation as factors influencing the improvement of communication management performance. As [@bib110] says, problems in efficient communications management, especially in large technology companies with hierarchical structure, are more evident. As project organizations grow larger and the complexity of project goals increases, effective communications management in project teams becomes more difficult ([@bib101]). [@bib91] reveal that organizational structure has a great influence on the coordination and flow of organizational systems. An appropriate organizational structure should be formed to encourage good flow of information and promote effective communication in the organization.

[@bib93] found that teams that work much together, as compared to teams that work less together, are different both in terms of using informal methods for communication and in terms of reasons for communication. [@bib43] observed that successful project teams largely act properly in coordination and communication, and overcome issues related to physical devices, personnel movements, and organizational structures.

### 2.3.11. Infrastructure {#sec2.3.11}

In communication planning, if there is information communication, the existing technology infrastructure should be available to facilitate the dissemination in project organizations. For example, in rural projects, internal servers and Internet access should be considered. And also, human resources suitable for production, collection, dissemination, and storage of information must be considered ([@bib92]). [@bib96] believes that poor technology infrastructure is also one of the reasons that renders communication tools ineffective in some undeveloped areas.

### 2.3.12. Technology {#sec2.3.12}

The use of modern communication and information technologies can significantly reduce the cost of information transfer and have a significant impact on the effectiveness of participation and easy transfer and safety of it ([@bib52]). [@bib27] states that the implementation of a suitable system or technology can improve communication. In their investigation, [@bib91] acknowledge that applying appropriate systems helps individuals in organizations to effectively establish their internal and external communications within the organization. [@bib81] emphasizes that a community or company that is hiding behind technological advancement reforms will be pushed out from global economic activity. Over the last decade, Information & Communication Technology (ICT) has established collaboration platforms - hardware and software solutions that have connected people in a secure community and environment and produced useful tools for creating, organizing, researching as well as exchanging documents, information, ideas, calendars, and more, so as to be a leverage for controlling the effectiveness and efficiency of processes, and a guide to direct towards the alignment of activities with project objectives and alignment of staff goals with the strategic goals of the organization. ICT technologies offer useful solutions to enhance the coordination between processes and activities. Over the past decade, especially in office automation tools, concurrent with the popularity of the Internet and ICT development, new ways have been provided to share ideas, information and documents, so that in addition to reaching individuals and their individual details, complex projects could be managed. These collaboration platforms are called "digital platforms", "digital spaces", "collaboration platforms", "group tools", "and virtual communication", and they have been found to be useful tools for supporting group work, especially in workgroups, virtual communication, and inter-organizational relationships ([@bib75]). These tools that are able to share content with other employees across the organization, organize information, documents and activities for a certain individual or group, searching for information and individuals and analyzing data from multiple sources in graphical form ([@bib115]). ICT collaboration tools include a wide range of tools such as wiki (editable blogs), cloud-based file sharing (wide row of computers connected to each other), social media, blogs, and micro blogs like Twitter. The main driver for the increasing growth of ICT common collaboration tools is to increase virtual teams of the project, with team members dispersed all over the world. Applying ICT collaboration tools, on the other hand, is rising due to increased use of ICT by external groups including customers, suppliers, universities, competitors, founders and managers of companies. Increasing access to and dissemination of new ways of communication as well as cooperation in our personal and professional lives means that ICT tools play a growing role ([@bib78]). Therefore, ensuring good quality communication between the project team members is crucial that makes it possible to use different social networks. This is especially important when project members are experts in different fields and in different countries. Social media can boost communications through reducing meeting duration, both online and offline environments are an integral part of project management ([@bib54]). Social media plays a crucial role in project activities. Social media tools help communicate with stakeholders and support dissemination of information. Therefore, increase the sustainability of results of the project ([@bib94]).

The success of implementing IT for project communications depends on organizational culture, which can act as an obstacle or effective factor in communicating effectively. Corporate culture is an attitude belonging to the company ([@bib8]).

### 2.3.13. Levels of information provision and information updating {#sec2.3.13}

The role of communication is known as a stimulus for the success of the project, therefore its management as a strategic tool among stakeholders at all levels of a project should be considered which can bring about possible successes ([@bib3]). Different stakeholders may have different expectations about the format and time of the received information. A balance between providing adequate and timely information and stakeholder needs and the formats in which the information is published should be reviewed and updated. Also, for effective communication planning, the project management information system should be considered in real time ([@bib92]). [@bib40] emphasize that consideration for the transfer instructions are part of the communication, so the project perspective needs to be constantly updated and shared as the project progresses.

A common topic in studies on communication, which is one of the competencies of the project manager, is the process of transferring information to project stakeholders and also, planning is based on different and distinct requests ([@bib93]). In their research, they emphasize the necessary networks and information, the transfer of information and the amount of information that must flow among team members. [@bib88] inferred that project management remains effective when there is: an effective communication in managing the team, good structure information flow and time-dependent information, establishing a reporting hierarchy among team members of each project, and a formal communication framework.

3. Materials and Methods {#sec3}
========================

Theoretically, communication is considered to be a very complex system that incorporates a set of interdependent elements. As a result, a model that is unable to account for these relationships cannot be appropriate for analysis.

[@bib123] stated that the Analytical Network Process (ANP) has been used in numerous studies, but is not ideal and accurate for analyzing interactive relationships. ISM and DEMATEL methods appear to be suitable techniques for empowering hierarchical structures, and both methods provide a clear display of the relationships within the system ([@bib21]; [@bib117]) In this study, we apply a hybrid Fuzzy FDEMATEL-ISM model; ISM is used to prioritize factors and DEMATEL is applied to determine the priority and intensity of quantified relationships among factors. The reason for using both approaches is that ISM only determines the level of influence of the factors on each other, and helps to identify the interrelationships among the factors, and it is an appropriate technique to analyze the impact of one factor on other factors, and it helps to prioritize and determine the level of factors in a system, but it does not quantify the intensity of interactions and relationships among the factors, a deficiency which is resolved when ISM is combined with DEMATEL. On the other hand, decision making under uncertainty is the disadvantage of DEMATEL, which can be overcome by using the Fuzzy DEMATEL technique. The Fuzzy DEMATEL method uses fuzzy linguistic variables to facilitate decision making under uncertainty. This technique is applied to the fields of production, organization management, information systems, and social sciences ([@bib129]). In addition, this technique can solve all the problems faced by organizations by applying group decision making in fuzzy conditions ([@bib102]). The hybrid Fuzzy ISM-DEMATEL approach provides relationships among the criteria in the best possible way ([@bib23]).

[@bib139] used two analytical models to examine the minimum number of experts in a judging panel. In his analysis of [@bib135] and [@bib140] sampling theory, as well as [@bib144], [@bib137], and [@bib142] theory, he concluded that the expert group should be between 6 and 25 people, depending on the correlation between their opinions and the average. The more experts are different from each other, the more numbers should be included in this combination. [@bib134] stated in his research that Hogarth\'s model offers an excellent approximation. He examined the effect of increasing experts in a statistical group. He stated that only three specialists could be added to improve the results. [@bib136] recommended the benefits of using the average opinion of experts if they weighed the same.

[@bib65] demonstrated in the decision-making approach that even if there are a small number of experts, they would be sufficient if they had expertise with more than 10 years of experience. They considered a sample of 22 people. The number of experts in the previous studies has been at least over 10 ([@bib62]; [@bib37]; [@bib98]; [@bib122]). If the participants are homogeneous, at least a total number of 10--15 experts would be sufficient ([@bib9]). The focus group of experts should comprise 12--20 experts ([@bib89]).

In this study, an excel worksheet was used to carry out the DEMATEL-ISM methodology ([@bib143]).Steps to conduct this study are as follows:

**Step 1- Identification of Factors Affecting Project Communications and Preparation of Pair-Wise Comparison Questionnaires:** In this study, through reviewing the existing literature and conducting open interviews with 28 experts, the factors affecting project communications management were identified. The criteria for selecting experts were as follows: having experience in project management for more than 10 years, having an international PMI degree and willingness to participate in the research.

3.1. Face and Content Validity {#sec3.1}
------------------------------

To build face and content validity, after reviewing the theoretical foundations and field of study, the face and scope of the content and items for making a checklist were developed. By submitting the questionnaire to university professors in the area of industry and receiving their opinions, face validity of the questionnaire was confirmed ([@bib22]); then, to confirm the content validity of the checklist, experts in the field of project management were asked to complete the checklist; and finally, experts responded as "necessary", "useful but not necessary" or "unnecessary" to the suitability of each item. Content validity is calculated according to [Formula (1)](#fd1){ref-type="disp-formula"}, and given the level required for statistical significance (*p \< 0.05*), at least a value of 0.75 for each item for CVR should be obtained to be accepted ([@bib80]). Hence, content validity was confirmed.$$CVR = \frac{n_{e} - \frac{N}{2}}{\frac{N}{2}}$$Where, N is the total number of panels, and *ne* is the number of panels that responded as "necessary". Finally, in order to determine the effective factors on communications management, 18 criteria were specified and approved by the experts. These criteria are presented in [Table 2](#tbl2){ref-type="table"}.

**Step 2- Formation of Pair-Wise Comparison Matrix:** In pair-wise comparison matrix, indicators are compared two by two and respondents should use codes of verbal expressions. The names of these verbal phrases and their equivalent fuzzy values are shown in [Table 1](#tbl1){ref-type="table"}.$$\text{D} = \begin{array}{l}
{\quad p1\quad\quad\quad\quad pJ\quad\quad\quad\quad pn} \\
\left\lbrack \begin{array}{lllll}
\widetilde{\text{d}_{11}} & \ldots & \widetilde{\text{d}_{1\text{j}}} & \ldots & \widetilde{\text{d}_{1\text{n}}} \\
 \vdots & & \vdots & & \vdots \\
\widetilde{\text{d}_{\text{l}1}} & \ldots & \widetilde{\text{d}_{\text{lj}}} & \ldots & \widetilde{\text{d}_{\text{ln}}} \\
 \vdots & & \vdots & & \vdots \\
\widetilde{\text{d}_{\text{n}1}} & \ldots & \widetilde{\text{d}_{\text{nj}}} & \ldots & \widetilde{\text{d}_{\text{nn}}} \\
\end{array} \right\rbrack \\
\end{array}$$Table 1Verbal phrases used in the research and their equivalent values.Table 1Verbal phraseFuzzy valueNo effect(1,1,1)Very low effect(2,3,4)Low effect(4,5,6)High effect(6,7,8)Very high effect(8,9,9)

In the above [Eq. (2)](#fd2){ref-type="disp-formula"}: *pi* represents (i)th element; *dlj = (lij, mij, uij)* indicates the effect of (i)th element on (j)th element; *lij, mij* and *uij* are lower, middle and upper limits of the triangular fuzzy number, respectively; and *D, dlj* is paired comparison matrix. After paired comparison matrix, the inconsistency rate is calculated according to [Eq. (3)](#fd3){ref-type="disp-formula"}. And if the value of inconsistency rate is less than 5%, then the matrix of responses has good consistency ([@bib56]).$$\text{IR} = \frac{1}{\text{n}\left( {\text{n} - 1} \right)}\sum\limits_{\text{i} = 1}^{\text{n}}\sum\limits_{\text{j} = 1}^{\text{n}}\left| \frac{\text{t}_{\text{ij}}^{\text{r}} - \text{t}_{\text{ij}}^{\text{r} - 1}}{\text{t}_{\text{ij}}^{\text{n}}} \right|\text{∗}100\text{\%}$$Where, *IR* is consistency rate, *n* is the number of criteria, and *ttij* is the average score of the (r)th individual to the (i)th criterion relative to the (j)th criterion for 1 ≤ i ≤ n and 1 ≤ j ≤ n.

**Step 3- Formation of Judgment Matrix:** After the formation of paired comparison matrices, by integrating opinions using the geometric mean and with the help of [Eq. (4)](#fd4){ref-type="disp-formula"}, we form ideal decision matrix or judgment matrix.$${\widetilde{\text{g}}}_{\text{ij}} = \left( {{\widetilde{\text{d}}}_{\text{ij}}^{1},{\widetilde{\text{d}}}_{\text{ij}}^{2},\ldots\ldots..,{\widetilde{\text{d}}}_{\text{ij}}^{\text{k}}} \right)^{\frac{1}{\text{k}}}$$Where, *K* represents the number of experts.

**Step 4- Determining the Weight of Experts:** Determining the experts' weights is based on the distance between the individual's decision with the ideal decision, so that the closer this distance, the higher the expert's weight ([@bib126]).

$\left\{ {1,2,\ldots\ldots,t} \right\} k \in T$ and $N = \left\{ {1,2,\ldots\ldots,n} \right\} j \in N$ and $M = \left\{ {1,2,\ldots..,m} \right\}$ i$\in M$$$D_{k} = \left( d_{ij}^{k} \right)_{m \ast n}$$$$\text{r}_{\text{ij}}^{\text{k}} = \frac{\text{d}_{\text{ij}}^{\text{k}}}{\sqrt{\sum_{\text{i} = 1}^{\text{m}}\left( \text{d}_{\text{ij}}^{\text{k}} \right)^{2}}}$$

If the increase of the criteria is favorable for us, it is better to use [Eq. (5)](#fd5){ref-type="disp-formula"}, and in the case that the decrease of the criteria is desirable for us, it is better to use [Eq. (6)](#fd6){ref-type="disp-formula"}.$$\text{r}_{\text{ij}}^{\text{k}} = 1 - \frac{\text{d}_{\text{ij}}^{\text{k}}}{\sqrt{\sum_{\text{i} = 1}^{\text{m}}\left( \text{d}_{\text{ij}}^{\text{k}} \right)^{2}}}$$

Then, using Eqs. [(7)](#fd7){ref-type="disp-formula"} and [(8)](#fd8){ref-type="disp-formula"}, we unscal paired comparison matrix. We call the resulting matrix "*Y*~*k*~". Afterwards, we display the average expert opinions or matrix of the ideal decision with Y∗. The more each Y~k~ is closer to the ideal matrix, the higher the expert weight will be. We calculate the expert weight from Eqs. [(9)](#fd9){ref-type="disp-formula"} and [(10)](#fd10){ref-type="disp-formula"}.$$\text{proj}_{\text{Y}^{\text{∗}}}\left( \text{y}_{\text{k}} \right) = \frac{\sum_{\text{i} = 1}^{\text{m}}\sum_{\text{j} = 1}^{\text{n}}\text{y}_{\text{ij}}^{(\text{k})}\text{y}_{\text{ij}}^{\text{∗}}}{\sqrt{\sum_{\text{i} = 1}^{\text{m}}\sum_{\text{j} = 1}^{\text{n}}\left( \text{y}_{\text{ij}}^{\text{∗}} \right)^{2}}}\quad\text{k} \in \text{T}$$Where, the weight of the (k)th expert is represented by $\lambda_{k}$ and measured from [Eq. (6)](#fd6){ref-type="disp-formula"}.$$\text{λ}_{\text{k}} = \frac{\text{proj}_{\text{Y}^{\text{∗}}}\left( \text{y}_{\text{k}} \right)}{\sum_{\text{k} = 1}^{\text{t}}\text{proj}_{\text{Y}^{\text{∗}}}\left( \text{y}_{\text{k}} \right)}\quad\text{k} \in \text{T,~such~that}\mspace{9mu}\text{λ}_{\text{k}} \geq 0\mspace{9mu} and\mspace{9mu}\sum_{\text{k} = 1}^{\text{t}}{\text{λ}_{\text{k}} = 1}$$

**Step 5- Multiplying the Weight of Experts in Paired Comparison Matrix**$$\lambda = \left( \text{λ}_{1},\text{λ}_{2},\ldots\ldots,\text{λ}_{\text{t}} \right)^{\text{T}}\text{Y} = \sum\limits_{\text{k} = 1}^{\text{t}}\text{λ}_{\text{k}}\text{Y}_{\text{k}} = \left( \text{y}_{\text{ij}} \right)_{\text{m∗n}}$$$$\text{y}_{\text{ij}} = \sum\limits_{\text{k} = 1}^{\text{t}}\text{λ}_{\text{k}}\text{y}_{\text{ij}}^{(\text{k})}\text{i} \in \text{M}\mspace{9mu}\text{j} \in \text{N}$$

**Step 6- Fuzzy DEMATEL:** DEMATEL which consists of a variety of decision-making based on paired comparison is obtained through utilizing experts\' judgment in extracting factors of a system and systematically constructing them by applying the principles of the Graph Theory and hierarchical structure of the factors present in the system along with mutual influential and affected relationships of the elements, in such a way as to numerically determine the intensity of the effect of these relationships and their significance.

In order to consider the opinion of all the experts, we get geometric means according to [Eq. (4)](#fd4){ref-type="disp-formula"}.

Eqs. [(11) and (12)](#fd11){ref-type="disp-formula"} are used to normalize the resulting matrix.$${\widetilde{\text{H}}}_{\text{ij}} = \frac{{\widetilde{\text{z}}}_{\text{ij}}}{\text{r}}\  = \ \left( {\frac{\text{l}_{\text{ij}}^{\prime}}{\text{r}},\frac{\text{m}_{\text{ij}}^{\prime}}{\text{r}},\frac{\text{u}_{\text{ij}}^{\prime}}{\text{r}}} \right) = \left( {\text{l}_{\text{ij}}^{''},\text{m}_{\text{ij}}^{''},\text{u}_{\text{ij}}^{''}} \right)$$Where, *r* is obtained from the following equation:$$\text{r} = \text{max}_{1 \leq \text{i} \leq \text{n}}\left( {\sum\limits_{\text{j} = 1}^{\text{n}}\text{u}_{\text{ij}}} \right)$$

After calculating the above matrices, the matrix of total fuzzy relations is obtained according to formulas [(13)](#fd13){ref-type="disp-formula"},[(14)](#fd14){ref-type="disp-formula"},[(15)](#fd15){ref-type="disp-formula"},[(16)](#fd16){ref-type="disp-formula"}.$$\lim\limits_{\text{k}\rightarrow + \infty}\left( {{\widetilde{\text{H}}}^{1} \oplus {\widetilde{\text{H}}}^{2} \oplus \ldots \oplus {\widetilde{\text{H}}}^{\text{k}}} \right)$$Where, each entry of that fuzzy number is represented by ${\widetilde{t}}_{\text{ij}} = \left( {{\text{l}_{\ }}_{\text{ij}}^{t},{\text{m}_{\ }}_{\text{ij}}^{\text{t}},{\text{u}_{\ }}_{\text{ij}}^{\text{t}}} \right)$ and is measured as follows:$$\left\lbrack \text{l}_{\text{ij}}^{\text{t}} \right\rbrack = \text{H}_{\text{l}} \times \left( {\text{I} - \text{H}_{\text{l}}} \right)^{- 1}$$$$\left\lbrack \text{m}_{\text{ij}}^{\text{t}} \right\rbrack = \text{H}_{\text{m}} \times \left( {\text{I} - \text{H}_{\text{m}}} \right)^{- 1}$$$$\left\lbrack \text{u}_{\text{ij}}^{\text{t}} \right\rbrack = \text{H}_{\text{u}} \times \left( {\text{I} - \text{H}_{\text{u}}} \right)^{- 1}$$

In the above equations, I is unit matrix and $H_{l}$، $H_{m}$ and $H_{u}$ are *n × n* matrices whose entries respectively form lower number, middle number and upper number of triangular fuzzy numbers of *H* matrix.

The fuzzy numbers obtained in the previous Step are defuzzified by using the [Eq. (17)](#fd17){ref-type="disp-formula"}.$$\text{B} = \frac{\left( {\text{a}_{1} + \text{a}_{3} + 2 \times \text{a}_{2}} \right)}{4}$$

B is the defuzzified form of $\widetilde{\text{A}} = \left( {\text{a}_{1},\text{a}_{2}\ ,\text{a}_{3}} \right)$.

Calculating the sum of rows and columns of the matrix.

The sum of rows and columns of the matrix $\ \text{T}$ is obtained by the Eqs. [(18)](#fd18){ref-type="disp-formula"} and [(19)](#fd19){ref-type="disp-formula"}.$$\text{D} = \left( \text{D}_{\text{i}} \right)_{\text{n} \times 1} = \left\lbrack \sum\limits_{\text{j} = 1}^{\text{n}}\text{T}_{\text{ij}} \right\rbrack_{\text{n} \times 1}$$$$\text{T} = \left( \text{R}_{\text{i}} \right)_{1 \times \text{n}} = \left\lbrack \sum\limits_{\text{i} = 1}^{\text{n}}\text{T}_{\text{ij}} \right\rbrack_{1 \times \text{n}}$$

In which $\text{D}$ and $\text{R}$ are $\text{n} \times 1$ and $1 \times \text{n}$ matrices respectively.

In the next stage, the importance of the indices $\left( \text{D}_{\text{i}} + \text{R}_{\text{i}} \right)$ and the relationships among the criteria ($\left( \text{D}_{\text{i}} - \text{R}_{\text{i}} \right.$) are determined.

If D_i-R_i \> 0, the criteria belong to the cause group, and if D_i-R_i \< 0, the criteria belong to the effect group.

**Step 7- Measuring Threshold Limit and Forming Accessibility Matrix:**

Decision makers need to set a threshold limit for filtering minor effects. The threshold value (γ) is obtained by expert judgement or the mean of the numbers in the total influence matrix (H) ([@bib109]).$$\text{H} = \text{Tc} + \text{I} = \left\lbrack \text{h}_{\text{ij}} \right\rbrack_{\text{n} \times \text{n}}$$

In the above equation, l is the identity or unit matrix, and Tc is the total relation matrix.

The influence matrix (K) is obtained by the following equation:$$\text{K} = \left\lbrack \text{K}_{\text{ij}} \right\rbrack_{\text{n} \times \text{n}}$$$$\left\{ \begin{matrix}
{\text{K}_{\text{ij}} = 1,if\ \text{h}_{\text{ij}} > \gamma\ \left( {i,j = 1,2,\ldots,n} \right)} \\
{\text{K}_{\text{ij}} = 0,if\ \text{h}_{\text{ij}} \leq \gamma\ \left( {i,j = 1,2,\ldots,n} \right)} \\
\end{matrix} \right.$$

**Step 8- Determining the level of Indices:** To determine the level of the criteria, two sets including Accessible or Output Set (R~ei~) and Predecessor or Input Set (A~ei~) are defined and then, their intersection is obtained. Thus, the accessible set for each element is a set in which rows of the final Accessibility Matrix appear as "one". And the Predecessor Set is a set where columns appear as "one". By obtaining the intersection of these two sets, the joint set $\left( R_{ci}\  \cap \right.$ *A*~*ci*~) will be obtained. The elements in which the joint set is the same as accessible set, take the first level of priority. By removing these elements and repeating this step for other elements, the level of all elements is determined.

**Step 9- Drawing Interpretive Structural Model:** The model is drawn based on the specified levels. Relationships between variables are also determined according to the Accessibility Matrix.

**Step 10- MICMAC Analysis:** In order to segment the criteria, the final Accessibility Matrix must be calculated for each element of driving power 1 and dependency power 2. The driving power of an element or criterion is the number of criteria that are affected by the relevant criterion, including the criterion itself. The dependency power is also the number of criteria that affect the relevant criterion and lead to its achievement. These driving and dependency powers are used in MICMAC analysis in which the criteria are divided into four groups: autonomous, dependent, hybrid and driving (independent). The purpose of the MICMAC analysis is to analyze the driving power and dependency power of the variables. The variables are divided into four clusters.

The first cluster includes autonomous criteria that have weak driving and dependency powers. These criteria are relatively separate from the system, which, in fact, has few links with other elements of the system, though their links may be strong.

The second cluster includes dependent criteria that have poor driving power but high dependency power.

In the third cluster, there are hybrid criteria with both strong driving and dependency powers. These criteria are in fact non-permanent or non-stable, because any action on these criteria will have an impact on other criteria or a feedback to itself.

The fourth cluster includes independent criteria that have high driving power with low dependency power.

As seen, a criterion with strong driving power is called a key criterion, and is in the category of independent or hybrid variables. The conceptual model of the research is shown in [Figure 1](#fig1){ref-type="fig"}.Figure 1Conceptual model of the research.Figure 1

4. Results {#sec4}
==========

4.1. Criteria validation {#sec4.1}
------------------------

At this stage, in order to assess the content validity of the factors affecting project communication management, a questionnaire was distributed among 9 experts (PMP-certified project managers with over 15 years\' experience). The results of each criterion were validated as shown in [Table 2](#tbl2){ref-type="table"}.Table 2The results of validity check for each criterion.Table 2CriterionNumber of evaluators who agree with the questionCalculated CVRMinimum acceptable CVRNumber of stakeholders910.75Organizational size80.780.75Culture80.780.75Communication Variety80.780.75Organizational structure80.780.75Geographical dispersion910.75Technology910.75Communication tool910.75Skill910.75Participation (engagement)80.780.75Leadership910.75Knowledge80.780.75Levels of providing information910.75Trust910.75Nationality and ethnicity80.780.75Infrastructure910.75Updating the plan80.780.75Implementing the communication plan80.780.75

ISM and DEMATEL share some similar characteristics and both investigate the cause and effect relationship among multiple criteria, so combining ISM and DEMATEL makes an effective and powerful tool that assists the decision-making group ([@bib85]). In this research, data collection tool was a questionnaire designed based on 18 factors influencing project communications management, which were gathered through library reviews and experts\' opinions, presented in [Table 3](#tbl3){ref-type="table"}.Table 3The factors influencing project communications management.Table 3AbbreviationCriteriaBrief descriptionReferenceC1Number of stakeholdersNumber of stakeholders (internal stakeholders and external stakeholders): People involved in the project, such as project team members, managers as internal stakeholders and customers and supplier as external stakeholderss ([@bib26]).([@bib92]), ([@bib1]), ([@bib124]), ([@bib121]), ([@bib71]), ([@bib115]), ([@bib42]), ([@bib27]), ([@bib54]), and expertsC2Organizational sizeOrganizational size is given as the number of employees at any defined geographical location.ExpertsC3CultureValue norms and beliefs (PMBOK, 6th version, 2017)([@bib16]), ([@bib108]), ([@bib83]); ([@bib118]), ([@bib131]). ([@bib105]), ([@bib8]), ([@bib127]) ([@bib84]), ([@bib18]), ([@bib60]), ([@bib119]), ([@bib76]), ([@bib53]), ([@bib103]), ([@bib41]), ([@bib72]). expertsC4Communication VarietyFormal and informal communications([@bib54]), ([@bib57]), ([@bib61]), ([@bib68]), ([@bib96]), ([@bib92]). ([@bib12]), ([@bib99]), ([@bib28])C5Organizational structureTask allocation, coordination, and supervision are directed toward the achievement of organizational aims. determines how information flows between levels within the company ([@bib91]; [@bib92])([@bib36]), ([@bib92]), ([@bib28]), ([@bib79]), ([@bib110]) ([@bib101]), ([@bib91]), ([@bib93]), ([@bib43])C6Geographical dispersionA geographically dispersed team, refers to a group of individuals who work together from different geographic locations and rely on communication technology ([@bib67]).([@bib63]), ([@bib66]), ([@bib2]), ([@bib115]), ([@bib46]), ([@bib50]), ([@bib34]) and expertsC7TechnologyContains any communication device, software, hardware, internet network, mobile phones, satellite systems and so on, also the various services and appliance with them.([@bib91]), ([@bib81]), ([@bib75]), ([@bib115]), ([@bib78]), ([@bib54]), ([@bib94]),\
([@bib8]) and expertsC8Communication toolA wide variety of communication tools are used for external and internal communication. communication, face-to-face communication is one and online-based communication is another.\
These tools include telephones,mail, email, cell phones, computers, social networking, daily standup meetings, timely status reports, correspondence and etc. ([@bib58])([@bib10]), ([@bib100]), ([@bib64]), ([@bib97]).\
([@bib76]), ([@bib104]), and expertsC9SkillTechnical skills and leadership skills, project management skills, personal skills ([@bib128])([@bib44]), ([@bib82]), ([@bib90]), ([@bib27]), ([@bib91]), ([@bib120]),\
([@bib48]), ([@bib15]) ([@bib4]), ([@bib15]), and expertsC10Participation (engagement)Share knowledge and information, develop understanding, enhance engagement which promotes accountability and transparency ([@bib79])([@bib79]) ([@bib93]), and expertsC11LeadershipStyle of leadership, An effective leader will be able to adapt a style or combination of styles of leadership to suit the circumstances. Any one of the styles might be effective in the right situation ([@bib130])([@bib17]), ([@bib130]), ([@bib11]), ([@bib111]), ([@bib132]), ([@bib112]), ([@bib116]), ([@bib24]), and expertsC12KnowledgeKnow how to communicate in the most effective way to meet the information and communication needs of stakeholders([@bib5]), ([@bib13]), ([@bib7]), ([@bib73]) and expertsC13Levels of providing informationDifferent stakeholders may have different expectations about the format and time of the received information. A balance between providing adequate and timely information and stakeholder needs and the formats in which the information is published ([@bib92])([@bib3]), ([@bib92]), ([@bib93]), ([@bib88])C14TrustBuilding trust in stakeholder relationship, trust is accompanied with collaboration, information sharing, and effective resolution of issues ([@bib103])([@bib31]), ([@bib28]), ([@bib45]), ([@bib39]), ([@bib14]), ([@bib103]), ([@bib96]), ([@bib32]), ([@bib113]), ([@bib38])C15Nationality and ethnicityNationality is a legal relationship between an individual person and a state. Ethnicity is the identification of a person with a particular racial, cultural, or religious group.ExpertsC16InfrastructureIn communication planning, the existing technology infrastructure should be available to facilitate the dissemination in project organizations.\
Appropriate infrastructure should be defined based on the level of project team dispersion ([@bib92]; [@bib87]).([@bib92]), ([@bib96]), and expertsC17Updating the planAs the plan is being implemented, effectiveness of the tactics should be continually evaluated and any appropriate revisions should be made ([@bib92]).([@bib92]), and expertsC18Implementing the communication planExperts

4.2. Implementation {#sec4.2}
-------------------

The questionnaire was given to 22 experts and analyzed after completion by them. In this methodology, in pair-wise comparison matrix, indicators were compared two by two using codes of verbal expressions ([Table 4](#tbl4){ref-type="table"}). The names of these verbal phrases and their equivalent fuzzy values are shown in [Table 1](#tbl1){ref-type="table"}.Table 4Response matrix of expert 1.Table 4C1C2C3C4...C15C16C17C18C10HVHVH...HLHVLC2H0NOVH...LLLHC3VHVH0L...HLLLC4LLL0...HLLL\|\|\|\|\|\|\|\|\|\|C15HLVHVL...0VLLLC16HLLVL...L0LLC17LLVLL...LL0LC18LLVLL...LLL0

4.3. Determining the Weight of Experts {#sec4.3}
--------------------------------------

Collecting opinions and formation of judgment matrix (ideal) was performed by using [Eq. (3)](#fd3){ref-type="disp-formula"} ([Table 5](#tbl5){ref-type="table"}), then the experts\' weights were measured by using [(4)](#fd4){ref-type="disp-formula"}, [(5)](#fd5){ref-type="disp-formula"}, [(6)](#fd6){ref-type="disp-formula"}, [(7)](#fd7){ref-type="disp-formula"}. The weight of the experts is given in [Table 6](#tbl6){ref-type="table"}.Table 5The judgment fuzzy matrix.Table 5C1C2C3...C16C17C18C1(0, 0, 0)(4.8, 5. 9, 6.8)(4.6, 5.8, 6.7)...(4.5, 5.5, 6.5)(5.1, 6.1, 7)(5.1, 6.1, 7)C2(5.3, 6.4, 7.3)(0, 0, 0)(4.1, 5.1,6)...(4.9, 5.9, 6.8)(3.9, 4.9, 5.9)(3.9, 4.8, 5.7)C3(3.5, 4.7, 5.7)(3.6, 4.7, 5.7)(0, 0, 0)...(3.2, 4.3, 5.3)(3.4, 4.5, 5.5)(3.3, 4.2, 5)\|\|\|\|\|\|\|\|C16(4.5, 5.5, 6.5)(5.1, 6.1, 7)(5.1, 6.1, 7)...(0, 0, 0)(5, 6, 7)(3.8, 4.6, 5.2)C17(4.8, 5.9, 6.8)(3.9, 4.9, 5.9)(3.9, 4.8, 5.7)...(3.9, 5, 6.1)(0, 0, 0)(4, 4.9, 5.7)C18(3.2, 4.3, 5.3)(3.4, 4.5, 5.5)(3.3, 4.2, 5)...(3.9, 5, 6.1)(3.9, 5, 6.1)(0, 0, 0)Table 6Experts\' weight based on milliunit.Table 6Expert Number1234567891011121314Expert Weight3736353636363636363636353535Expert Number1516171819202122232425262728Expert Weight4035353636353535353636353635

It can be concluded based on the results that the experts were also homogeneous and, the number of experts is sufficient ([@bib9]).

**Fuzzy Decision-making trial and evaluation laboratory technique**

By applying the weight of each expert in the decision matrix by using [(8)](#fd8){ref-type="disp-formula"}, [(9)](#fd9){ref-type="disp-formula"}, the FDEMATEL calculations were started.•Forming weighted judgement matrix: After constructing the matrices of pairwise comparisons by integrating the views using the geometric mean of the comments with the [Eq. (3)](#fd3){ref-type="disp-formula"}, the ideal decision matrix or the weighted judgment matrix is formed,•Normalizing the weighted judgement matrix: The [(10)](#fd10){ref-type="disp-formula"}, [(11)](#fd11){ref-type="disp-formula"} are applied to normalize the obtained matrix ([Table 7](#tbl7){ref-type="table"}),•Computing the total relation matrix (T): The total relation matrix is computed by using the [(12)](#fd12){ref-type="disp-formula"}, [(13)](#fd13){ref-type="disp-formula"}, [(14)](#fd14){ref-type="disp-formula"}, [(15)](#fd15){ref-type="disp-formula"} ([Table 8](#tbl8){ref-type="table"}). Total relation matrix can reflect the comprehensive direct and indirect influence among the factors,•Defuzzification: The fuzzy numbers obtained in the previous Step are defuzzified by using the [Eq. (16)](#fd16){ref-type="disp-formula"} ([Table 9](#tbl9){ref-type="table"}),•Calculating the sum of rows and columns of the matrix: The sum of rows and columns of the matrix T is obtained by the [(17)](#fd17){ref-type="disp-formula"}, [(18)](#fd18){ref-type="disp-formula"} ([Table 10](#tbl10){ref-type="table"}),

The assumptions of FDEMATEL technique should be applied as follow to determine the relationship between factors:•If *Di \_ Rj \< 0* and *Di + Rj = M* (*M* is a large number), *i* is the main problem of the situation and should be solved.•If *Di \_ Rj \> 0* and *Di + Rj = M* (*M* is a large number), *i* solve the main problem of the situation and it should be prioritized.•If *Di \_ Rj \< 0* and *Di + Rj = S* (*S* is a small number), *i* is a dependent factor and affected by other factors.•If *Di \_ Rj \> 0* and *Di + Rj = S* (*S* is a small number), *i* is an independent factor and affects a small number of factors ([@bib85]).

The highest sum of rows in total relation matrix (Di) shows the order of elements that have a strong impact on other elements (the factor of Leadership) ([Table 9](#tbl9){ref-type="table"}).Table 7The normalized the weighted judgement fuzzy matrix.Table 7C1C2C3...C16C17C18C1(0, 0, 0)(0.04,0.05,0.06)(0.04,0.05,0.05)...(0.04,0.05,0.05)(0.18,0.22,0.25)(0.04,0.05,0.06)C2(0.04,0.05,0.06)(0, 0, 0)(0.03,0.04,0.05)...(0.04,0.05,0.06)(0.14,0.18,0.21)(0.03,0.04,0.05)C3(0.03,0.04,0.05)(0.03,0.04,0.05)(0, 0, 0)...(0.03,0.04,0.04)(0.12,0.16,0.2)(0.03,0.03,0.04)\|\|\|\|\|\|\|\|C16(0.04,0.05,0.05)(0.04,0.05,0.06)(0.03,0.04,0.05)...(0, 0, 0)(0.04,0.05,0.06)(0.03,0.04,0.04)C17(0.03,0.04,0.05)(0.03,0.04,0.05)(0.02,0.03,0.04)...(0.03,0.04,0.05)(0, 0, 0)(0.03,0.04,0.05)C18(0.03,0.04,0.05)(0.03,0.04,0.05)(0.03,0.03,0.04)...(0.03,0.04,0.05)(0.03,0.04,0.05)(0, 0, 0)Table 8The Total relation fuzzy matrix. (T).Table 8C1C2C3...C16C17C18C1(0.07,0.17,0.6)(0.1,0.22,0.65)(0.1,0.2,0.61)...(0.1,0.22,0.66)(0.11,0.23,0.68)(0.11,0.22,0.65)C2(0.1,0.21,0.63)(0.06,0.16,0.58)(0.09,0.19,0.58)...(0.1,0.21,0.64)(0.10,0.21,0.65)(0.09,0.20,0.62)C3(0.08,0.18,0.57)(0.08,0.18,0.57)(0.05,0.13,0.49)...(0.08,0.18,0.58)(0.08,0.19,0.59)(0.08,0.18,0.56)\|\|\|\|\|\|\|\|C16(0.1,0.21,0.63)(0.10,0.21,0.63)(0.08,0.19,0.58)...(0.06,0.17,0.58)(0.11,0.22,0.65)(0.1,0.2,0.61)C17(0.09,0.19,0.58)(0.08,0.18,0.57)(0.07,0.17,0.53)...(0.09,0.19,0.59)(0.06,0.15,0.55)(0.09,0.19,0.57)C18(0.09,0.19,0.58)(0.08,0.18,0.57)(0.07,0.17,0.54)...(0.09,0.19,0.59)(0.09,0.19,0.6)(0.06,0.15,0.53)Table 9Defuzzied matrix of total relation matrix numbers based on centiunit (Numbers by hundredth).Table 9C1C2C3C4C5C6C7C8C9C10C11C12C13C14C15C16C17C18DC1253028323029303331323432333026303130547C2292426303027293130303331322925292928522C3252520282625262827282928282623252625470C4292826272927303230313231322925293029525C5282825282427283029313231312824292928511C6292928312923293130303330312826293029526C7282926313027263331313333322924303129533C8282826312927302730313332322824293029524C9282826302926303125303331322824282928515C10282826303027293130263331323025293029522C11303128323229323332333034343226313231564C12292927323127313232313427332925293129538C13282926313027303231313332272924293130532C14272725282826282928303129302324272827495C15262525272626272827283028282619262626474C16282926303027303130303331322824243028522C17262523272724272927283029302622262326474C18262624272724272927282929302622262722476R499499461531517477519550527539574548560507432507522502Table 10Arrangement of elements in different approaches of FDEMATEL technique.Table 10C1C2C3C4C5C6C7C8C9D + R10461020930105510281002105210731042D-R4823096-7-491425-12-D ranking291871364812R ranking14151761016937D + R ranking8121761113749D-R ranking24789161512C10C11C12C13C14C15C16C17C18D + R106011381086109210029051030996978D-R17-9-10-28-11-421546-26-D ranking101351416111715R ranking5142111812813D + R ranking51321418101516D-R ranking1410111713351816

The highest sum of the columns (Rj) represents the order of the elements influenced (the factor of Leader ship) ([Table 9](#tbl9){ref-type="table"}).

The cause group has positive *Di-Rj* value and other factors are in the effect group. *Di + Rj*, represents the sum of the intensity of an element both in terms of influencing and being influenced.

Based on the FDEMATEL results, the factors of Number of stakeholders, Organizational size, Culture, Geographical dispersion, Technology, Nationality and ethnicity and Infrastructure have the positive *Di-Rj* value and can be classified as the cause group, and other factors are in the effect group because the *Di -Rj* of these factors is negative.

Number of stakeholders and Technology solve the main problem of the situation and it should be prioritized. Nationality and ethnicity is an independent factor and affects a small number of factors. Leadership is the main problem of the situation and should be solved.

4.4. The hybrid fuzzy FDEMATEL-ISM {#sec4.4}
----------------------------------

•The Initial reachability matrix; the threshold limit should be calculated and the influence matrix should be formed (The threshold limit is 0.29).

The threshold value is obtained by expert judgement or the mean of the numbers in the total influence matrix (*H*) by using the [(19)](#fd19){ref-type="disp-formula"}, [(20)](#fd20){ref-type="disp-formula"}. The values below the threshold are of minor importance and will not be displayed.•The Final reachability matrix: The total influence matrix (*H*) must be raised to the power of *M+1*, to achieve a stable state: $K^{M} = K^{M + 1}$ ([Table 11](#tbl11){ref-type="table"}) (Bernoulli multiplication and addition are used here, so that (*1=1⊕1*, *1=1⊗1*)).Table 11The Final reachability matrix.Table 11C1C2C3C4C5C6C7C8C9C10C11C12C13C14C15C16C17C18Driving PowerC111011111111111011116C211011011111111011014C30110000000100000003C410011011111111011114C50000100111111000108C611011111111110011014C701011011111110011113C800011011111110011112C900011011111110001010C1000011011111111011113C1111011111111111011116C1211011011111111011115C1301011011111111011114C140000000101111100006C150000000000100010002C1601011011111110011012C170000000000111000104C180000000100111000015Dependency Power68112133121513141816168111149•Determining the level of the criteria

From the final reachability matrix, the number of *1*s in each matrix row is the accessible or output set (RC), and the number of *1*s in each matrix column is the predecessor or input set (AC). After determining the input and output sets, the intersection of the two sets is determined for each factor. Factors in which the output set and joint set are exactly the same are at the highest level of the hierarchy of the Interpretive Structural Model (as shown in [Table 12](#tbl12){ref-type="table"} [Figure 2](#fig2){ref-type="fig"}). After the first repetition, the highest actions will be eliminated from others. And this will be repeated until the level of all factors is determined. In this study, 6 replications were performed as shown in [Table 13](#tbl13){ref-type="table"}.•MICMAC Analysis was used to classify factors based on their driving and dependence power as represented in [Table 11](#tbl11){ref-type="table"} ([Figure 3](#fig3){ref-type="fig"}). Factors are categorized into four sectors as follow: ([@bib85]).-Autonomous: These are the factors with a weak driving power and a weak dependence power.-Dependent: These are the factors with a weak driving power but a strong dependence power.-Linkage: These are the factors with strong driving and dependence power.-Independent: These are the factors with a strong driving power but weak dependence power.Table 12First repetition of Interpretive Structural Modeling in order to achieve Different levels of factors affecting project communications.Table 12FactorsOutput Set (RC)Input Set (AC)Joint SetLevelC1C1C2C4C5C6C7C8C9 C10C11C12C13C14C16 C17C18C1C2C4C6C11C12C1C2C4C6C11 C12C2C1C2C4C5C7C8C9C10 C11C12C13C14 C16C17C1C2C6C7C11C12C13C16C1C2C7C11C12C13 C16C3C3C11C3C3C4C1C4C5C7C8C9C10C11 C12C13C14C16C17C18C1C2C4C6C7C8C9C10C11C12 C13 C16C1C4C7C8C9C10C11 C12C13C16C5C5C8C9C10C11C12C13 C17C1C2C4C5C6C7C8C9 C10C11C12C13C16C5C8C9C10C11C12 C13C6C1C2C4C5C6C7C8C9 C10C11C12C13 C16C17C1C6C11C1C6C11C7C2C4C5C7C8C9C10C11 C12C13C16C17C18C1C2C4C6C7C8C9C10C11C12 C13 C16C2C4C7C8C9C10C11 C12C13C16C8C4C5C7C8C9C10C11 C12C13C16C17 C18C1C2C4C5C6C7C8C9 C10C11C12C13C14C16C18C4C5C7C8C9C10C11 C12C13C16C18C9C4C5C7C8C9C10C11 C12 C13C17C1C2C4C5C6C7C8C9 C10C11C12C13C16C4C5C7C8C9C10C11 C12C13C10C4C5C7C8C9C10C11 C12C13C14C16\
C17C18C1C2C4C5C6C7C8C9 C10C11C12C13C14C16C4C5C7C8C9C10C11 C12C13C14C16C11C1C2C4C5C6C7C8C9 C10C11C12C13 C14C16C17C18C1C2C3C4C5C6C7C8 C9C10C11C12C13C14 C15C16C17C18C1C2C4C5C6C7C8C9 C10C11C12C13C14C16 C17 C181C12C1C2C4C5C7C8C9C10 C11C12C13C14 C16C17C18C1C2C4C5C6C7C8C9 C10C11C12C13C14C16C17C18C1C2C4C5C7C8C9C10 C11C12C13 C14C16C17C181C13C2C4C5C7C8C9C10C11 C12C13C14C17C18C1C2C4C5C6C7C8C9 C10C11C12C13C14C16C17C18C2C4C5C7C8C9C10C11C12C13 C14 C17C181C14C8C10C11C12C13C14C1C2C4C10C11C12 C13C14C10C11C12C13 C14C15C11C15C15C15C16C2C4C5C7C8C9C10C11 C12C13C16C17C1C2C4C6C7C8C10 C11C12C13C16C2C4C7C8C10C11C12 C13C16C17C11C12C13C17C1C2C4C5C6C7C8C9 C10C11C12C13C14 C16C17C11C12C13C171C18C8C11C12C13C18C1C4C7C8C10C11C12C13C18C8C11C12C13 C181Figure 2Relation map based on FDEMATEL-ISM approach. Note: Due to the complexity of the relationship between the factors, only the relationships between each level with its next level are plotted. The relationship between the factors is shown in [Table 11](#tbl11){ref-type="table"}.Figure 2Table 13Second to sixth repetition of Interpretive Structural Modeling to achieve different levels of factors affecting project communications.Table 13FactorsOutput Set (RC)Input Set (AC)Joint SetLevelC1C1C2C4C5C6C7C8C9C10C14C16C1C2C4C6C1C2C4C64C2C1C2C4C5C7C8C9C10C14 C16C1C2C6C7C16C1C2C7C165C3C3C11C3C32C4C1C4C5C7C8C9C10C14 C16C1C2C4C6C7C8C9C10C16C1C4C7C8C9C10 C164C5C5C8C9C10C1C2C4C5C6C7C8C9C10 C16C5C8C9C102C6C1C2C4C5C6C7C8C9C10C16C1C6C1C66C7C2C4C5C7C8C9C10C16C1C2C4C6C7C8C9C10C16C2C4C7C8C9C10 C163C8C4C5C7C8C9C10C16C1C2C4C5C6C7C8C9C10C14 C16C4C5C7C8C9C10C16 C182C9C4C5C7C8C9C10C1C2C4C5C6C7C8C9C10 C16C4C5C7C8C9C102C10C4C5C7C8C9C10C14C16C1C2C4C5C6C7C8C9C10C14 C16C4C5C7C8C9C10C14 C162C14C8C10C14C1C2C4C10C14C10C11C12C13C143C15C15C15C152C16C2C4C5C7C8C9C10C16C1C2C4C6C7C8C10C16C2C4C7C8C10C163

Communication Variety (C4), Technology (C7), Communication tool (C8), Skill (C9), Participation (C10), Leadership (C11), Knowledge (C12), Levels of providing information (C13) and Infrastructure (C16) have high influence and dependency are in Linkage factors of MICMAC chart ([Figure 3](#fig3){ref-type="fig"}) and have highest scores of *Di*, *Rj* so any action on these variables leads to a change in other variables. The important point is that Leadership (C11), which has the highest factor of *Di + Rj*, *Di-Rj* ([Table 10](#tbl10){ref-type="table"}) and most impact on other variables.Figure 3Clustering factors affecting project communications by using MICMAC analysis.Figure 3

Although the *Di-Rj* score of Culture (C3) and Nationality and ethnicity (C15) is positive, both the *Di* and *Rj* scores are not high enough ([Table 10](#tbl10){ref-type="table"}). In addition, based on the MICMAC analysis ([Figure 3](#fig3){ref-type="fig"}), this factor is located among the Autonomous factors. It is obvious that these factors are an independent factor and does not have a notable impact on other factors.

Moreover, based on the analysis of *Di- Rj* values in FDEMATEL, trust (C14) is listed as effect group and have tendency to be easily impacted by others (The effects in [Table 11](#tbl11){ref-type="table"} are significant in the C14 column).

The results of MCMAC analysis ([Figure 3](#fig3){ref-type="fig"}) confirm that Geographical dispersion (C6), Number of stakeholders (C1) and Organizational size (C2) are independent factors, but Technology (C7) is classified in linkage factors.

Further examination reveals that C7 is located close to the border between independent and linkage factors. As shown in [Table 10](#tbl10){ref-type="table"}, their impact factor (*Di*) are relatively high. This factor has a high impact on other factors, and it must be properly classified as independent group.

After determining the level of all the factors affecting communications project, the results are depicted in [Figure 3](#fig3){ref-type="fig"}. As seen in [Figure 2](#fig2){ref-type="fig"}, Geographical dispersion at Level 6 and the Organization\'s size at Level 5 have the highest effect on other factors. The levels of Providing communication, Leadership, Knowledge, Information updating and Implementation of the communication plan are located at Level 1, which indicate that these factors are affected by other factors.

Based on the above results, the following recommendations are provided for implementation communication management in project:•Geographical distribution is the fundamental aspect of the model and should be considered in planning. This finding is supported by other studies such as [@bib50].•Organizational size is an affecting factor and its importance is almost equal to Geographical dispersion, so it is worth much more attention.

If project managers are working in large organizations, they need to pay close attention to communication planning and complexity in order to avoid failure.•Project managers should always consider the number of their stakeholders and communication variety (formal or informal). At this stage, the use of technology with environmental facilities and infrastructure is recommended to meet the project stakeholders\' communication and information needs. This is important in gaining the trust of stakeholders.•Because leadership has the most impact on the other variables, it is suggested to project managers to use situational leadership according to the type of project, number of stakeholders and other influencing factors.

It should be noted that these findings are supported by other studies such as [@bib112] and [@bib130], [@bib115]; [@bib50]; [@bib27]; [@bib114]; [@bib12]; [@bib92]; [@bib54]; [@bib91]; [@bib78] and [@bib94].

5. Discussion and conclusions {#sec5}
=============================

Studies show that the number of failed projects is on the rise. Despite the fact that the number of project managers has increased significantly, what causes projects to fail? Various factors have been studied and analyzed, including the distribution of project teams and the complexity of communication networks that differ by the nature of the projects. Project managers are required to improve this process and reduce the number of failed projects, which is possible through establishing effective communication in projects. Communication planning, based on the association of effective factors with each other, really helps us establish better communication among stakeholders, especially in complex projects in different geographical regions. In fact, the establishment of a good communication strategy will specifically increase the likelihood of a successful project.

We know that each project has its own environment and conditions, and each industry has its own particular conditions to be considered. Every day, lots of information should be exchanged in projects, but the basic approach to communication requirements is essentially the same. Therefore, the informed communication strategy allows us to structure the information flow in a better and more controlled manner and to avoid the costs caused by lack of effective and timely communication. Managers should know that the budgets allocated to establishing communication are used to improve or change the most effective factors, respectively, so that they could reduce the costs of project failures as well as the costs of losing the resources and interests of the organization.

For this purpose, this study was conducted to help clarify the views of the organization\'s managers and project managers on project communications, and to identify factors affecting it. According to the experts\' opinions, library studies and validation of factors by the experts, 18 main factors were confirmed and selected. Then, a hybrid of Fuzzy DEMATEL-ISM was used to analyze the relationships between them and presenting a structural model for them. According to the analyses, geographical dispersion has the greatest impact on factors influencing project communications. It was found by using MICMAC analysis that the number of stakeholders and size of the organization is the most important factor among factors affecting project communications. Therefore, in projects where different parts of the project are located in different geographical locations or where the number of project stakeholders is high, more attention should be paid to linkage and dependent factors associated with these factors.

The factors "information updating, implementing the communication plan, and organizational structure" are affected by linkage factors. Focus should be on the effective linkage factors including leadership, knowledge, levels of providing information, communication variety, technology, infrastructure, variety of communication tools, participation (engagement), and skills and improving them. Among these linkage factors, according to [Figure 2](#fig2){ref-type="fig"}, communication variety is at the third level, so it has a greater impact on other factors. Next are infrastructure and technology - factors that are at the fourth level, affecting levels 5 and 6, and require more investment and attention. However, the most influential and affected factor is leadership (driving power = 16, dependency power = 18), which needs to gain the highest attention. Next are levels of information provision, knowledge, and participation (engagement), which will also require attention and care in communication planning.

However, the factors "trust, nationality, ethnicity and culture" are autonomous, meaning that they have low driving and dependency power and perhaps it is not necessary that the project manager concentrate on these factors in designing his project plan as compared to other factors.

This research can provide a new insight regarding the nature of the factor affecting the project communications in power plant, oil and gas megaprojects in Iran. Given the main logic of the method used, which is method for analyzing the system, factors that have the most impact on other factors are identified as the most important factors, and dependent factors must be considered by managers and policy makers to be improved by other factors, including the organization\'s policies in the geographical dispersion of different project sectors and the number of project stakeholders.

Also, special attention should be given to leadership as the highest influential (effective) and affected (influenced) factor. In order to improve leadership, it is necessary to sufficiently invest in the required skills and knowledge of project managers.

Project communication has a great influence on the success of the project. Considerable consideration and investment should be given to the factors affecting project communications and their effects on each other in order to have a positive impact on project communications and project success. Enhanced knowledge of project managers on the effect of these factors during project communications planning can be very efficient and prevent the loss of time and cost. Since no importance weights were obtained for the factors in this study, it is suggested that a combination of this method with a weighting method like Analytic Network Process (ANP) or weighting with prioritization like DANP method, etc. be used.

We can also examine the structural relations of the present model with Structural Equation Modeling (SEM) technique. It should be noted that the implementation of each of the factors is likely to have many barriers and conflicts. Researchers can investigate these problems in future studies. The first limitation that can be stated is the number of criteria that can be greater than this number and also the results should be evaluated using larger samples across a variety of organizations and countries.
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